Tropical dry evergreen forests (TDEFs) occur as patches along the Coromandel coast of peninsular India. Investigations on plant biodiversity, bioresource values, and conservation status of 75 TDEF sites were carried out. A total of 149 woody plant species representing 102 trees, 47 lianas, and three native herbs were enumerated. Across 75 sites studied, species richness of woody plants ranged from 10 to 69 species. Physiognomically, evergreen species dominated the forest. Forest growth determined as girth increment ranged from 0.37 to 1.08 cm yr -1 for trees and 0.39 to 0.41 cm yr -1 for lianas. At the community level, seasonal flowering with unimodal dry season peak and year-round, bimodal fruiting pattern prevailed. A strong association between the qualitative reproductive traits and pollination and dispersal spectrum among the TDEF species has been demonstrated. In bioresource assessment, 150 medicinal plant species, used for treating more than 52 ailments, were documented. Site disturbance scores were obtained by assessing the various site disturbances such as site encroachment, resource extraction, grazing, fragmentation, weed invasion, etc. Conservation significance of the TDEF sites is emphasized in the light of restricted geographical distribution, moderate level of plant species diversity, representation of the unique forest type, high productivity, and bioresource potential. Restoring the disturbed sites with characteristic TDEF species, and revitalizing the cultural traditions associated with sacred groves by promoting awareness of the ecological and bioresource values of TDEFs, are recommended.
Introduction
In the tropics, changes in the quantity and distribution of rainfall along with temperature and the length of the dry season gradually alter the vegetation formation [1] . The pronounced seasonality in rainfall distribution with several months of drought result in seasonally dry forests in tropical regions [2] . As dry forests have a broad climatic range, transitional forest ecosystems like grasslands, savannas, scrub, and thorn woodlands are often considered during the vegetation assessments [3] . Many times, these dry forests in the varying climatic regimes differ in their forest structure and physiognomy [2, 4] . The prevailing tropical dissymmetric climate regime on the Coromandel coast of southern peninsular India supports a unique type of vegetation named tropical dry evergreen forest (TDEF) [5] . The Coromandel coastal plains extend about 80-100 km inland [6] .
The tropical dry evergreen forest (TDEF) type, first described as a low forest of 9 to 12 m high, forms, however, a complete canopy comprising small, coriaceous-leaved evergreen trees of short boles and spreading crowns with some deciduous emergents, without marked differentiation of canopy layers [5] . Floristically, it is distinguished by a fair representation of characteristic and preferential species, exclusively or mostly confined to this vegetation type [5, 7] . The tropical dry evergreen forests on the Coromandel coast of India, which occur as patches, are short-statured, largely three-layered, tree-dominated evergreen forests with a sparse and patchy ground flora [8] .
Distribution of tropical dry evergreen forest
Dry evergreen forests have also been reported elsewhere in the tropics as summarized in Table 1 , along with aspects researched therein. The information provided in Table 1 is a result of a systematic review that has been made possible through extensive survey of literatures that report the occurrence of dry evergreen forests, either as a vegetation formation or as a forest type. There are no unified features for this rare and unique forest type and it has been chosen based on local climatic, biotic and edaphic factors, which influence the forest's physiognomy, stand structure, species composition, and dynamics. Table 1 . Distribution of tropical dry evergreen forests in the tropics and aspects studied therein. (* Cl-Climate; Sl-soil; Veg-vegetation structure; FC-floristic composition; Dyn-dynamics; Phy-physiology; N.Cy-nutrient cycling; Repr-reproductive ecology; FU-forest utilization; T&D-threats and disturbance; Con-conservation) Aspects studied* Location Cl Sl Veg FC Dyn Phy N.Cy Repr FU T&D Con Reference [9] recognized six dry evergreen formations in tropical America, which are formed due to strong winds and/or excessively freely draining soil, whereas the rainfall regime there is not of dissymmetric type. In tropical America, TDEF occurs in the North Andros islands of the Bahamas as a "coppice community," which is a dense, close-canopied, broadleaved evergreen forest [10] [11] [12] [13] , and in British Guiana [14, 15] , Antigua [16] , Jamaica [17] [18] [19] , Trinidad [20] , and Tobago [21] . In Africa, TDEF is reported as montane evergreen scrubland vegetation in multi-storied form in the highlands of Ethiopia [22] , and in Tanzania and northeastern Zambia as scattered patches of closed canopy of evergreen shrubs of 15-25 m tall (locally, known as "Matechi") [23] [24] [25] [26] .
Dry evergreen forests as a closed-canopy evergreen forest type, with 25-30 m of mean canopy height, are widespread in the regions of Thailand that receive not more than 1,200 mm mean annual rainfall, with 4-6 dry months [27] [28] [29] [30] [31] . In Sri Lanka, dry evergreen forest is typical and a dominant vegetation type in the dry zone regions in the northern and eastern plains, which cover 80 percent of the island area [32] [33] [34] . In India, this vegetation is confined to the Coromandel (east) coast region [5, 8, [35] [36] [37] [38] [39] [40] [41] [42] . Some patches of dry evergreen forests have also been recorded in the Sirumalai hills [43] , Kolli hills [44] , Shervarayan hills [45] and Chitteri hills [46] of southern Eastern Ghats. However, the climate and characteristic species of hill dry evergreen type are not the same as that of the coastal region.
In reality, most of the Indian TDEFs, with the exception of two large areas, namely the Kurumbaram section of the Marakanam Reserve Forest and the Point Calimere Wildlife Sanctuary, occur as patches of forest dotted along the Coromandel coast, and invariably protected as "sacred groves" based on the religious belief of the local people. This unique dry evergreen forest is relatively under-studied on aspects of structural and functional ecology, as compared to the tropical wet evergreen forests. The aim of this paper is to provide a consolidated account on plant biodiversity, structure and functional ecology, and bioresource potential, particularly of medicinal plants, and to emphasize the conservation need and significance of TDEFs on the Coromandel coast of peninsular India. 
Study area
Investigations on plant biodiversity and bioresource potential of 75 TDEF sites, which are concentrated in the Pondicherry (11°56′ N and 79°53′ E), Villupuram (11°93′ N and 79°48′ E), Cuddalore (11°43′ N and 79°49′ E) and Pudukottai (10°23′ N and 78°52′ E) districts on the Coromandel coast of peninsular India, were carried out ( Fig. 1 ). The areal extent of TDEF sites studied ranged from 0.5 ha to ~10 ha. The climate is tropical dissymmetric type with most rainfall received during the northeast monsoon (October-December) and very little and inconsistent rainfall in the southwest monsoon (June to September). The mean annual rainfall is 1,282, 1,079 and 1,033 mm in the nearest towns, namely Pondicherry, Cuddalore, and Pudukottai, respectively. The dry season lasts for six months (January to June), and receives less than 60 mm rainfall on monthly average. 
Data collection
Field data collection on species check listing and assessment of bioresource values in the 75 TDEF sites was conducted in about 125 man days during July 2006-January 2008. The dataset on woody plant diversity (for trees equal or greater than 10 cm girth at breast height, (1.3 m height from ground level), and all lianas ≥1 cm diameter measured at 1.3 m from the base of the stem), dynamics, and functional ecology reviewed here is based on the systematic investigations carried out in a total of 12 one-ha permanent plots over a decade on the Coromandel coast of peninsular India. All plant species were identified and confirmed to species level using regional floras [47] [48] . Voucher specimens were collected and deposited in the herbarium of the Department of Ecology, Pondicherry University.
Site disturbance scores were obtained by assessing various disturbances (on a 1-5 scale) which include site encroachment, distance from the human habitation, temple visitors' impact, cattle grazing, resource removal, width of approach road to temple, fragmentation, size of the temple, biological invasion, and frequency of peoples' visit to the temple (refer to Appendix 1 for more details). The summed disturbance score of each site was used for ranking the TDEF sites into three categories, viz relatively undisturbed ( Fig. 2a&b ), moderately disturbed ( Fig.  2c&d ) and highly disturbed ( Fig. 2e&f ), for evaluating the conservation significance. The sites with low ranks experience least disturbance, while high ranks reveal a high level of anthropogenic disturbance in the site.
Medicinal plant resource use and traditional knowledge related to plant species of TDEFs were collected through a field-tested improved questionnaire (Appendix 2) and personal interviews with folk healers in their vernacular language. There were 47 informants (40 males and 7 females), who are folk healers by profession and part of the local folk healers association.
Results and Discussion

Biodiversity
In a total of 75 TDEF sites on the Coromandel coast of peninsular India, 149 woody species that belonged to 122 genera and 49 families were enumerated (Appendix 3). In addition to these, three important native herbaceous species occur there, which include the widely- (53), Shanmuganathapuram (53) and Oorani (52) . The Morisita-Horn index for similarity of species composition between 75 TDEF sites (1.0 indicates total similarity) varied from 0 to 0.8 and only 10% of pairs had ≥ 0.5, indicating the greater heterogeneity in the composition of species. Earlier quantitative ecological inventory of plant biodiversity in 12 1-ha TDEF permanent plots [39] [40] [41] [49] [50] [51] has resulted in 86 tree species with a range of 19 to 35 species ( Fig.3a-f ). A ubiquitous tree, Memecylon umbellatum, was the most dominant species, accounting for 32% of tree density, followed by Tricalysia sphaerocarpa (10.5%) and Pterospermum canescens (9.7%) in the tropical dry evergreen forests. A total of 44 liana species was inventoried with a range of 21-29 species ha -1 in the eight 1-ha plots. Among the lianas, Combretum albid (19.2%), Strychnos minor (14%), and Reissantia indica (6.5%) were predominant species.
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Although the 75 sites studied belong to the same TDEF type and are grossly homogeneous, they differ in forest stature; sites occurring on sandy soil with alluvium deposits are comparatively tall-statured (mean ht ~12 m; eg. TM, OR, AP, etc.) and those on red ferralitic hard compact soil are short-to medium-statured (mean ht <8 m; eg. TK, KP, MK, etc.). There is a wide variation in species composition of tree and liana species across TDEF sites, and interestingly each site is dominated by a different set of tree and liana species, which can be designated as "series," adding to the uniqueness of the studied TDEF sites (e.g., Manilkara hexandra in SV and Memecyclon umbellatum-Tricalysia sphaerocarpa-Diospyros ebenum in K among trees; Strychnos minor-Jasminum angustifolium in PP and Reissantia indicaminor-Combretum albidum in OR among lianas).
eak [54] . Leaf litter production amounted to 9.6 le on that allowed more canopy gaps and sunlight. Above ground biomass of 10 TDEF tes was estimated between 39.69 and 170.02 Mg ha -1 with a mean of 102.15 Mg ha -1 [57] l Species that flower K Strychnos Forest structure, growth, and dynamics Out of 149 species, 75 are evergreen (50%), followed by deciduous (45 species, 30%) and brevi-deciduous species [species with brief deciduous period followed by synchronous leafflushing, e.g., Pterospermum canescens] (29 species; 20%). Among the 26 most common species, which occurred in more than 30 sites, 54% were evergreen, 31% deciduous, and 15% brevi-deciduous. Similar results were reported in the study conducted in 43 TDEF sacred grove sites that contained 48% to 85% evergreen species [52] . Among the three physiognomic groups, evergreenness was prominent among trees (49%) and lianas (53%). The naturally evolved assemblage of evergreen species in dry evergreen vegetation type may be related to leaching of nutrients from leaves and year-round leaf fall, which is characteristic of evergreen species that establish a more closed nutrient cycle in the forest [53] . Litter production quantified in two TDEF sites, namely Kuzhanthaikuppam (KK) and Oorani (OR), revealed a year-round litterfall with unimodal summer p -1 -1 and 9 t ha yr at KK and OR, respectively, while the standing crop of total forest floor litter was 4.11 t ha -1 at KK and 4.86 t ha -1 at OR.
Plant population changes have been studied in seven TDEFs by measuring the tree growth, recruitment, and mortality rate over years [55] [56] . Forest growth determined as girth increment in TDEF sites ranged from 0.37 to 1.08 cm yr -1 for trees and 0.39 to 0.41 cm yr -1 for lianas over a three-year period (2003) (2004) (2005) (2006) . The tree recruitment rate ranged from 0.7 to 2.3% yr -1 , while the mortality rate ranged from 1 to 2.2% yr -1 in five TDEF sites studied over three years (2003) (2004) (2005) (2006) . More small trees (10-30 cm gbh) recruitment in the forest has been attributed to selective logging of trees of highest girth class (>150 cm gbh) for temp constructi si
Reproductive ecology
Analysis of qualitative reproductive traits of TDEF species [58] revealed that many species had rotate-type, white-colored, scented flowers with nectar and pollen as rewards. Drupe and berry were the common fruit types and were found in black and red color, respectively. A strong association between the qualitative reproductive traits and pollination and dispersal spectrum among the TDEF species has been demonstrated [58] . Phenological observations on TDEF species revealed a seasonal and unimodal flowering pattern with dry season peak at the community level. A simi ar pattern of dry season flowering peak is also reported in other tropical seasonal dry forests [59] [60] [61] [62] [63] . Many species exhibited annual flowering except a few species such as Garcinia spicata, Reissantia indica, Dodonaea angustifolia, etc., which exhibited a sub-annual pattern. The deciduous species (e.g., Lannea coromandelica, Butea monosperma) displayed flowering and leaf shedding in dry summer.
during the high temperature and less rainfall attract diverse insects, while bee pollination was the prevalent mode of pollination system (68% of species) in the TDEF.
Tropical Conservation Science | ISSN 1940-0829 | tropicalconservationscience.org A bimodal fruiting pattern with a major peak in the dry season and a minor one in the early wet season was exhibited at the community level [64] . There was year-round fruit production without a clear seasonality, but fruiting patterns at species level showed pronounced seasonality, which is in conformity with other seasonal forests [62, [65] [66] [67] [68] [69] . The patterns of unimodal flowering and year-round fruiting pattern are common to seasonal dry tropical forests, and these patterns have evolved according to local climatic factors (temperature, rainfall, number of dry months) along with ecological factors like availability of pollinators and dispersers. Most trees in our TDEFs flower (63%) and fruit (50%) during the dry period, whereas lianas had major flowering (77%) and fruiting (57%) activity in the late wet to dry season of the year. Many species are dispersed by animals, and had fruiting peak during the late dry season, which enables seed germination and rapid seedling establishment at the onset of the rainy season. The community-level fruit production in TDEF sites averaged 757 kg -1 ha -1 yr -1 [70] . Figure 4 . The proportion of plant species used for medicinal purpose classed by plant parts include leaves (41%), fruits and seeds (14%), bark (12%), root (8%), latex (7%), whole plant (6%), and flower and bulbs (1%). Traditional healers use these plants for curing more than 52 ailments, mainly poisonous bites (including snake, scorpion, dog, rat, beetle, bug, etc.), sexual iseases (including gonorrhea, syphilis. etc.), jaundice, rheumatism, skin diseases, ulcers, dysentery, diabetes, and common cold and fever. th species richness, site isturbances such as resource removal, frequency of peoples' visit to a temple, and forest real extent had a greater influence on species richness of the site.
acidum, Atalantia monophy
Conservation significance
Overall disturbance scores of the 75 studied TDEF sites ranged from the lowest score of 13 for Suranviduthi to a maximum of 40 in Avudayarkoil and Azhagarkoil. Of the total 75 TDEF sites, 19 are relatively undisturbed (score range [13] [14] [15] [16] [17] [18] [19] [20] , but a moderate level of disturbance (score 21-30) is operative in 42 sites, whereas disturbance is severe (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) in 14 sites ( Table  2 ). The declining trend in mean species richness was observed from relatively undisturbed to highly disturbed sites and a significant negative correlation (r = -0.534; P<001) existed when species richness was plotted against site disturbance scores (Fig. 5) . In a linear regression analysis, when various site disturbance scores were regressed wi d a Having changed in land use patterns and shrunken acreage (0.5 to 3.5 ha), the highly disturbed TDEF sites are largely converted to monoculture plantations ( Table 2 ). There are sites with least disturbance scores harboring the best natural dry evergreen vegetation with high diversity of plants of medicinal and cultural importance, and enhancing landscape heterogeneity as well as protecting the microclimates. Moderately disturbed sites are currently exposed to high level of threats, primarily from human intervention. Major issues like consistently increasing human habitation surrounding the forest area, poverty and illiteracy among large sections of the po Tropical Conservation Science | ISSN 1940-0829 | tropicalconservationscience.org Fortunately, the sacred grove status of TDEF sites largely helped to preserve the biodiversity along with the cultural values and religious taboos. People conserve the forests in undisturbed sites through a strict code of conduct on religious beliefs for several generations without any legal administration and clearly defined management policy and make only minimal resource extraction. Cultural transformations, eroding cultural values, and the changing world view of pecies, involving the local communities in restoration programs and also in nurturing the planted saplings; (c) immediately protect and onserve much-disturbed sites by providing legal status to the forests and developing forest management systems involving the local community. nature, especially among younger generations, has made this traditional forest management worse [71] in many of the moderately and much disturbed sites.
In conclusion, the conservation of TDEF sites is important considering the restricted geographical distribution and representation of the unique and under-studied TDEF type, the extant level of biodiversity, and bioresource potential including medicinal plants and the socioeconomic and ecological values of these systems. We recommend the following as long-term conservation strategies to preserve these sites: (a) promote awareness of biodiversity and bioresource values and cultural traditions associated with the sacred groves to people living around the TDEF sites-people who are also dependent on the forests and their resources and stand to benefit from conserving the sites that still remain relatively undisturbed; (b) restore moderately disturbed sites with characteristic TDEF s c Tropical Conservation Science | ISSN 1940-0829 | tropicalconservationscience.org 
